INTRODUCTION
Ice fabric is essentially important for studies of various phenomena in which polycrystalline ice is involved . Its determination so far has been carried out by an optical method using a Rigsby type universal stage. However, since this method requires laborious work and determines only c-axis orientations with a rather low accuracy, development of a new method has been desired by many in vestiga tors.
The X-ray Laue method has an advantage over the optical one in that both c-and a-axes of an ice crystal can be simultaneously determined with high accuracy . However, this method has not been used in ice fabric study until recently, because of the difficulty in determining crystal axes by the analysis of the Laue pattern obtained.
The first computer program for automatic analysis of Laue patterns, developed by Ohba, Uehira and Hondoh (1981) , was to select a reciprocal lattice vector (RL V) for a spot in order to maximize the probability of coincidence of the measured angle between any pair of diffraction spots with those calculated from the theoretically allowable RLVs . Although this program works very well , it requires several tens seconds of computer time for an analysis of one grain, owing to complex processes in the selection of the RLV.
In the present study we have developed (1) a new program which requires only 0.1 s of computer time for an analysis of one Laue pattern , (2) a position detector of X-ray Laue spots by which we can precisely determine their coordinates without taking photographs, and (3) an automatic positioning stage for successi ve irradiation of an X-ray beam on different grains of a polycrystalline thin specimen . Details of the above will be described below .
THE AUTOMATIC ANALYSIS OF X-RAY LAUE PATTERNS OF ICE
To reduce computer time, the computer program was improved to index zone axes instead of individual spots of a Laue pattern. A zone axis is a common axis involved in many lattice planes of which Laue spots are on a certain conic section appearing in the Laue pattern (see Figure 5b ). Since candidates of indices for a zone axis are limited to a small number of low-index directions, this improvement reduces the computer time considerably compared to the former method. (1) From a given coordinate on an i-th Laue spot, Xi= (Xi ' Yi), and a distance (D) between an ice crystal and a film (or a fluorescent plate), the unit vector (~i) normal to the lattice plane diffracting X-rays to the spot is determined with respect to the coordinate fixed on the fluorescent plate (see Figure 2) .
(2) Vector products (Yij) are calculated as Yij=gixgj for any pair of the plane norma Is . Then, the zone aXIS to which both gi and g . belong is parallel to Yi " Since many lattice planes ilelong to one zone axis, J several vectors Yij among those calculated for all pairs of g. and g j can be identified in one group in which all of Y~' are mutually parallel within a measurement error o/J the angle. In practice, there appear only few groups of different Yij corresponding to different zone axes . In the present program, the zone axis -C to be indexed is determined by averaging the vectors Yjj in each group .
(3) The determined zone axes ~ are indexed by comparing the angle between two t' with the angles calculated from theoretically expected zone axes: [0001], <11'-0> , <11~3> and <5410> in the present program .
(4) Using the indexed zone axes, the orientation of the ice crystal is expressed with respect to the coordinate fixed on the fluorescent plate.
The present program, named ALPI (the Automatic analysis of X-ray Laue Patterns of Ice), performs all above procedures within 0.1 s when it runs on the M-280H (HIT ACHI) computer. To evaluate the correctness of the above method, we analysed by the use of ALP I many artificial Laue patterns simulated by a computer. Simulations were performed by adding some random errors to the true coordinates of Laue spots for various crystal orientations. The probability of correct determination of the orientation by ALPI critically depended on the errors added to the spot coord inates, and reached 90% when the errors were smaller than I mm for lOO mm of D.
THE AUTOMATIC ICE FABRIC ANALYSER (AIFA)
The whole system of the AIFA developed is shown schematically in Figure 3 and as a photograph in Figure  4 . This system is composed of two parts, the position (a) detector of X-ray Laue spots of which details are given below, and the automatic posit ioning stage equipped with crossed polaroids and TV camera . 
THE POSITION DETECTOR OF X-RAY LAUE SPOTS
To measure the coordinates of Laue spots precisely and quickly, we adopted a fluorescent plate with highly sensitive TV camera (SIT tube) instead of X-ray films currently used in the ordinary Laue method . The detector equipment is shown in the right half of Figure  3 and in the direct image on the fluorescent plate is very faint. Therefore, TV signals of direct images are accumulated (or integrated) for several seconds in the digital image processor (RIGAKU MJ510FL) to obtain bright image contrasts. An example of Laue spots photographed on the TV screen is shown in Figure 5a . Coordinates of the bright areas on the image processor are transfered to the microcomputer (FUJITSU FM-ll) and the coordinate of the center of each bright area was determined to be that of a Laue spot. Thus, the X-ray Laue pattern is converted into the coordinate data of the Laue spots which are input to the program ALP!. Figure 5b shows a Laue pattern simulated by using crystal orientation determined by the program ALP I from data of Laue spots in Figure 5a . Two zone axes determined by the program are shown as ellipses in Figure 5b . Coincidence of Figure 5a with Figure 5b is considered good. From the minute difference of the coordinates of the Laue spots in Figure 5a and b, error of determining the crystal orientation was estimated approximately 0.6 G .
THE OPERATION OF THE AIFA
Practical procedures of making the fabric diagram by the use of the AIFA are as follows (see Figure 3) :
Step 1. Thin specimen (ca ' l mm) of polycrystalline ice is fixed to the X-V positioning stage .
Step 2. Numbering and positioning of individual grains to be examined are carried manually at present, distinguighing grains by transmitted polarized light with an aid of a monitoring TV (left half of Figure 3) . The grain discrimination could be automated in future.
Step 3. The specimen is moved to the X-ray beam, and automatically positioned so that the beam successively irradiates individual grains, pOSItions of which have already been determined in Step 2. After positioning the individual grains, each spot of the Laue pattern is accumulated in the image processor, and the coordinates of the brightness of the image are transfered to the microcomputer.
Step 4. Coordinates Xi of the Laue individual grains, from brightness data and data are determined. Determined coordinates Xi to a floppy disk through the microcomputer. spots for coordinate are output
Step 5. Xi data are transferred to the computing center; crystal axes of individual grains are determined by using program ALP!.
Step 6. Fabric diagrams (both the combination of data obtained in and the misorietation relationship grains, are obtained.
c-and a-axes) by
Step 5 and Step 2 between adjacent Total procedures (Step 2 to 5) of analysing one specimen contammg 100 grains require approximately three hours: 25 min for Step 2, 130 min for Step 3, 20 min for Step4, and 5 min for Step 5. Although this is at present longer than that required for the Rigsby-type stage operated by a skilled researcher or technician, the time for Step 3 could be reduced considerably if we could use a more powerful computer system for the data acquisition .
